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OVERVIEW 
• Electronically-excited states He2, having internal 
energies of >24 eV, have been produced and cooled 
to rotational temperatures of <150 K 
 
• A pulsed plasma microjet allows for the generation of 
short-lived and/or reactive molecules at elevated 
pressures 
 
• Time-dependent processes occurring within the 
expanding afterglow are projected onto a spatial 
coordinate 
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GAS COOLING AND MOLECULAR-STATE 
RADIATIVE LIFETIMES 
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EXPERIMENTAL SETUP 
1-4 bar Rg 
Chamber Background at ~10-5 Torr 
Poppet 
316 SS 
Al2O3 
Al 
Glass/ceramic bonding tape 
HV pulse 
~140 ns 
2-4 kV 
Spacer 
~200  µm 
~200 µm 
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SPATIOTEMPORAL HISTORY OF ATOMIC 
He FLUORESCENCE 
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SPATIOTEMPORAL HISTORY OF d3Σu
+  
FLUORESCENCE 
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SPATIAL HISTORY OF d3Σu
+  FLUORESCENCE 
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LINEOUTS OF d3Σu
+  FLUORESCENCE 
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INTENSITY DISTRIBUTION 
• For a rotational population at thermal equilibrium: 
 
• A two-temperature distribution would then be given 
by: 
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BOLTZMANN PLOT OF d3Σu
+ FLUORESCENCE  
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TWO-TEMPERATURE FITTING OF d3Σu
+  
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d3Σu
+ ROTATIONAL TEMPERATURE EVOLUTION  
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NEARBY TRIPLET ENERGY-LEVELS 
Laboratory for Optical Physics and Engineering 
EMISSION FROM d3Σu
+, e3Πg, AND d
3Σu
+ STATES   
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COLLISIONAL POPULATION TRANSFER 
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N2(CB) AND N2
+(BX) FLUORESCENCE 
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B2Σu
+ ROTATIONAL TEMPERATURE EVOLUTION  
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CONCLUSIONS AND FUTURE WORK 
• Time-dependent cooling of excited electronic states 
of He2, having internal energies > 24 eV and natural 
lifetimes of 16—60 ns, has been observed 
• A two-temperature fit extracts minimum rotational 
temperatures of ~90 K and ~600 K for He2(d) 
• >65% of the population at ~90 K over x = 400—450 μm 
• The temporal behavior of the fluorescence from the 
expanding plasma is indicative of collisional coupling 
between the d, e, and f states 
• Preliminary results with N2 have shown rotational 
cooling of both the N2(C
3Πu) and N2
+(B2Σu
+) states 
• Nearly equilibrium distribution, with Tmin ≈ 110 K 
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HIGH VOLTAGE PULSE GENERATOR 
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HIGH VOLTAGE PULSE WAVEFORMS 
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TWO-TEMPERTURE FIT POPULATIONS 
• Two-temperature distribution: 
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EMISSION FROM d3Σu
+, e3Πg, AND d
3Σu
+ STATES   
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He VS. He2 FLUORESCENCE
 
